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Abstract 
A fully distributed, physically-based hydrologic modelling system, MIKE SHE, was used in this study to simulate surface flow as 
runoff and subsurface flow drainage routed through tile drainage infrastructure within the Argesel River watershed. MIKE SHE, 
Système Hydrologique Européen, is a sub-model under the collection of models within the MIKE framework from the Danish 
Hydraulic Institute (DHI). It covers the major processes in the hydrologic cycle and includes process models for 
evapotranspiration, overland flow, unsaturated flow, groundwater flow, and channel flow and their interactions. The study’s 
focus was the development of a MIKE SHE model based on available data that can be used in land use management decisions 
and assessment of hydrological mitigation measures. Sensitivity analyses show that a few individual parameters play an 
important role in the hydrologic modelling. Vegetation parameters and the root depth as well as empirical parameters influence 
evapotranspiration, transpiration and recharge, in the unsaturated zone, the type of the soil has an effect on the 
infiltration/evapotranspiration and recharge functions and at the saturated zone level, the hydraulic conductivity of the matrix 
represents the dominant parameters. 
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1. Introduction 
Hydrologic modelling has become an essential tool in watershed management, with two fundamental roles. The 
first role is to improve our understanding of the physical, chemical and biological processes within a watershed and 
the way they interact. The second, more practical role is to apply this understanding to manage and protect our water 
resources and the water environment. Many challenges remain on both fronts (Graham, 2005). 
The process-based, modular approach implemented in the MIKE SHE software has made it possible to implement 
multiple descriptions for each of the hydrologic processes. Changes in land cover and land use have significant 
impacts to hydrology through soil moisture, ground water recharge and amount of runoff.  
Our objective was to quantitatively evaluate the watershed hydrology within the 242 km2 Argesel watershed. 
This study specifically sought to test the capabilities of MIKE SHE modelling system for simulating stream flow and 
estimate hydrological responses.  
The objective of the modelling in the present work is to better conceptualize and consequently understand the 
temporally and spatially variable processes as well as their superposition in a catchment scale and their respective 
influence on the outflow of the watershed. 
2. Materials and Methods 
2.1. The MIKE SHE model 
MIKE SHE is a derivative of Système Hydrologique Européen, SHE and is a deterministic, fully-distributed and 
physically-based hydrological and water quality modelling system.  
The preceding studies have shown that the MIKE SHE modelling system was used effectively and widely in 
many watershed studies, where conventional watershed models could not represent the whole water cycle 
components (Singh et al. 1999; Thompson et al. 2004). The flexibility of MIKE SHE hydrology component is the 
integration of various hydrological processes at different timescales. 
MIKE SHE model comprises the finite difference representation and solution of the theoretical partial differential 
equations of mass and energy balance, in addition to verified empirical relations. The model covers the entire 
hydrological system on a catchment scale.  
The MIKE SHE modelling system was designed with a modular structure. The water movement (WM) module in 
MIKE SHE is the basic module of the entire modelling system. The hydrologic simulation consists of 
subcomponents describing the processes of evapotranspiration, overland and channel flow, saturated flow, 
unsaturated flow, and channel/surface aquifer exchanges (Fig. 1). 
Rainfall interception is modelled by using a modified Rutter model, evapotranspiration is modelled using 
Kristensen and Jensen method based on leaf area index, root depth and potential evapotranspiration for each 
vegetation type, water movement in unsaturated zones is modelled by the one-dimensional Richards equation. Three 
dimensional Boussinesqequation is used for groundwater flow. For channel flow it uses one-dimensional full 
dynamic wave approximate Saint Venant equations, respectively two-dimensional diffusive wave for overland flow.  
The original MIKE SHE module for channel flow did not support hydraulic structure representation such as 
culverts and weirs, which posed a problem for the river flow simulation, especially in Europe where watersheds are 
affected by human activities. 
2.2. MIKE SHE/MIKE 11 coupling 
The problem described above was addressed by Sorensen et al. (1996) and Refsgaard and Sorensen (1997) 
through the coupling of MIKE SHE with MIKE 11 hydraulic modelling system.  
The coupling is achieved through river links, which are located on the edges that separate adjacent grid cells. 
Although MIKE 11 uses the entire river model, MIKE SHE will only exchange water with these coupled reaches 
(DHI, 2008) (Fig. 2). Within the coupled reaches, water levels are transferred from MIKE 11 H-points (points along 
the river model for which water levels are calculated) to MIKE SHE river links. MIKE SHE calculates the overland  
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Fig.1. Schematic representation of the conceptual components in MIKE SHE - semi-distributed overland flow  
and linear reservoir groundwater models (Refsgaard and Storm, 1995). 
Fig. 2. MIKE 11 hydraulic model branches with H-points and corresponding river links  
in a MIKE SHE hydrological model grid (DHI, 1999) 
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flow to each river link from neighbouring grid squares and the river-aquifer exchange. These terms are fed back to 
the corresponding MIKE 11 H-points as lateral inflows or outflows for the next computational time step (DHI, 
2008). 
2.3. Watershed description and data collection
The Argesel River catchment has medium size (242 km2) and an elongated shape. The catchment runs through 
three distinct morph structural units has influenced the catchment evolution, morph graphical and morph metric 
characteristics and its current morph dynamics (Ivanescu, 2014). The mean elevation is 720 m and the mean slope is 
2%. Argesel River has a length of 80 km with a sinuosity coefficient of 1.3.  
Monitoring of the extreme hydro meteorological events it’s the first step towards understanding what could 
happen in the future and choosing from possible alternatives. Collection of hydro meteorological data, such as 
rainfall, temperature, and stream flow, is essential for simulating the natural phenomena (Ivanescu, 2013). 
Meteorological data were measured at a weather station at CampulungMuscel, about 7 km away from the watershed, 
at hourly intervals. 
The mean annual air temperatures vary from 5.5°C in North where the elevation is over 2000 m to 8°C at 700 m 
elevation, and 10.3°C in the South at 300 m elevation.  
Mean annual precipitation is 830 mm, 38% occur in the summer season, 24% in autumn, 21% in spring and 17% 
in winter.  
Discharge is monitored at three hydrometric stations, with a mean annual discharge of 0.55 m3/s at Namaesti, 
0.98 m3/s at Vulturesti and 1.82 m3/s at Mioveni. 
Soils in the catchment are represented by three main classes: Cambisols, Phaeozems and Luvisols. The main soil 
type is loamy, covering about 70% of the watershed, 27% is sandy and the rest of 3% has a mixed texture. 
Data for soil properties were provided by INCDPAPM-ICPA Bucharest.   
Land use data were obtained from Corine Land Cover. The forest vegetation occupies about 50% of the 
watershed, 43% is agricultural areas and the rest of 7% is occupied by artificial surfaces (Fig. 3a). 
Fig. 3.(a) Land use in Argesel watershed; (b) The MIKE 11 model for Argesel River including cross sections and boundary conditions 
a b 
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2.4. Model setup 
In this study, we simulated the hydrological cycle of the catchment, including evapotranspiration, saturated and 
unsaturated flow, overland flow and channel flow. The model includes spatial date on topography, drainage, soils 
and land cover, and temporal data on precipitation and reference evapotranspiration.  
For saturated flow simulation was used the 3-D finite difference method. The inputs needed are geologic 
properties of the soil profile like horizontal and vertical hydraulic conductivities of the saturated zone layers, 
specific yield and specific storage. Values for horizontal and vertical conductivities were subject of calibration. 
Specific yield and specific storage were kept at default values in the model since no other values were available.  
Drainage depth parameter can significantly influence the discharge and water table depth so we initialized to 1.5 
m. The drainage time constant affects discharge by delaying subsurface flow to reach the channel. The values used 
vary from 3· 10-6 to 5 · 10-6 s-1.  
For unsaturated flow we used the Richards equation because it is more precise than the simplified gravity flow 
and more appropriate for the soil proprieties than the two layer water balance. The Richards equation is based on 
Darcy’s law and the continuity equation. Richards equation uses van Genuchten soil parameters like saturated 
moisture content (șs), residual moisture content (șr), pressure head at field capacity pFfc, pressure head at wilting 
point pFw, and three empirical constants, Į [cm-1], n [-] and a shape factor, l [-] (Fig. 4).  
Overland flow was simulated using diffusive wave approximation of the Saint Venant equations. The inputs 
needed were Manning number (M), detention storage and initial water depth on the surface. Values for Manning 
number were used spatially distributed and vary from 4 to 20. Higher values lead to faster routing of overland flow 
to the channel.  Detention storage parameter also affects routing water; large values reduce the overland flow 
reaching the channel. This parameter was subject of calibration. 
The calculation of evapotranspiration uses meteorological and vegetative data to predict the total 
evapotranspiration and net rainfall due to: interception of rainfall by the canopy, drainage from the canopy to the 
soil surface, evaporation from the canopy surface, evaporation from the soil surface, and uptake of water by plant 
roots and its transpiration, based on soil moisture in the unsaturated root zone (DHI, 2008). The parameters used to 
calculate Actual Evapotranspiration are Leaf Area Index (LAI), root depth (RD), canopy interception coefficient 
(Cint), evapotranspiration surface depth and detention storage. 
For the channel flow, we used a hydrodynamic MIKE 11 model for the Argesel River. The river network 
consists of a single branch with 60 km length (Fig. 3b). The geometry of the river branch which is specified in the 
cross sections was obtained from field survey data. A constant flow boundary condition was applied to the upstream 
open end of the river, and a water stage-discharge relationship was used for the boundary condition at the 
downstream end.  
The branch within MIKE 11 model was specified as coupled reaches so water can be exchanged with adjacent 
MIKE SHE grid squares. 
Fig. 4. Example of Hydraulic Conductivity and Retention Curve using van Genuchten formula 
522   Mirela-Alina Sandu and Ana Virsta /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  517 – 524 
In this study, maximum allowed time steps were set to 1 h for overland and unsaturated flow, 2 h for saturated 
flow, and 10 min for channel flow. 
2.5. Model calibration and validation 
Refsgaard and Storm (1995) suggested that the number of parameters subject to adjustment during calibration of a 
distributed hydrological model such as MIKE SHE should be as small as possible. 
The coupled nature of the model required that both MIKE SHE and MIKE 11 were calibrated simultaneously 
since modifications to a calibration parameter within one model could influence results in the other (Thompson, 
2004).For calibration we used two events, 1/8/1997-12/8/1997 and 21/3/2007-26/3/2007. Two other events were 
used for model validation 16/8/2005-24/8/2005 and 19/10/2009-24/10/2009. In Table 1 are shown the final values of 
the calibration parameters. 
Table 1. Final calibration parameter values 
Model Parameter Calibrated value 
MIKE SHE Drainage time constant (s-1) 6· 10-6 
Detention storage (mm) 25 
Horizontal Hydraulic Conductivity (m/s)  4.5· 10-6 
Vertical Hydraulic Conductivity (m/s) 3· 10-7 
MIKE 11 Manning’s coefficient for channel flow (s m-1/3) 0.025 
Leakage coefficient (s-1) 1· 10-4 
3. Results and Discussions 
The purpose behind the calibration and validation was to compare simulated and observed hydrographs at the 
catchment outlet. The outflow hydrograph has the potential of representing the integrated effect of the hydrologic 
response of the catchment as a whole. 
The calibration results indicated that surface detention storage was a critical calibration parameter with substantial 
influence on river discharge. Higher values for the detention storage parameter showed an increase in overland and 
subsurface storage while the peak discharge in the river decreased. Subsequently, lower values had a opposite effect.  
The MIKE SHE simulations encountered problems of data availability that were partly solved by using indirect 
methods for estimating hydraulic properties. Statistical models that estimate the soil moisture retention curve and the 
unsaturated hydraulic conductivity relationship based on other available soil properties, such as van Genuchten 
formula are very helpful methods and generally more convenient and less costly to implement than direct 
measurements. 
 
Fig. 5. Measured and simulated discharge (a) August 1997;(b) March 2007. 
 
a b 
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Fig. 6. Measured and simulated discharge (a) August 2005;(b) October 2009. 
 
The vertical saturated hydraulic conductivity effect was manifested in the rapid decline of overland flow with 
increasing conductivity. Higher values resulted in higher cumulative infiltration through the soil surface (less runoff 
or overland flow) and an increased level of the water table. Lower values had the opposite effect of increasing 
overland flow while reducing infiltration to the aquifer. The horizontal saturated hydraulic conductivity in the 
saturated zone significantly influenced the base flows as well as the peak flows. 
For the two MIKE 11 calibration parameters, Manning’s roughness coefficient and bed leakage coefficient, 
uniform values were used throughout the river network. 
4. Conclusions 
The hydrological simulation of MIKE SHE model has been reasonable calibrated, based on the comparison 
between measure and simulated river discharge.  
The structural parameters of the model like grid size significantly influenced the simulation time and the 
simulated outflow hydrograph while the time step parameters had a moderate influence on river discharge.  
The relationship between rainfall and channel flow for the calibration events are shown in Fig. 5 and in Fig.6the 
events used for model validation. Simulated flow hydrographs and rainfall hyetograph are of comparable trend, 
which demonstrates a satisfactory degree of consistency between the model parameters. Simulated stream flow at the 
watershed outlet was close to observed values. 
Whole-watershed assessment of the hydrology changes is important for water resources development and 
management. Adoption of distributed models like MIKE SHE requires detailed information on temporal and spatial 
scales. 
The procedure which was adopted in this study to simulate hydrological response from the Argesel watershed 
resulted in reasonable reproductions of stream flows for the simulated events and represented well the complex 
hydrological systems from the catchment. 
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